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with a specific fuel consumption of the vehicle, the means
for adjusting sets the increase amount to a first amount when
the position of the accelerator is increased from a first
accelerator position in a preload area to a second accelerator
position that satisfies the predetermined condition, the
means for adjusting sets the increase amount to a second
amount when the position of the accelerator position is
increased from an intermediate accelerator position that
exceeds the preload area to the second position, and the first
amount is greater than the second amount.

20 Claims, 10 Drawing Sheets
100

4 3
Sin 0

Y

N

1
&
TS
g

Y




US 9,464,578 B2

Page 2
(56) References Cited Jp 2004-197647 A 7/2004
Jp 2004-314871 A 11/2004
U.S. PATENT DOCUMENTS Jp 2005-132225 A 5/2005
Jp 2007-076468 A 3/2007
2003/0190996 Al* 10/2003 Yone ........ccooovnnn. B60K 31/00 WO 2007/080731 Al 7/2007
477/120
2003/0236602 Al* 12/2003 Kuge ......cccceeenen. B60T 17/18
701/36 OTHER PUBLICATIONS
2005/0056253 Al* 3/2005 Yone ............. F02D 11/106
123/399 Chinese Office Action issued in CN Patent Application No.
2009/0240404 AL*  9/2009 Matsuyawa ........... FOZD 2908 200980126214.0, dated Nov. 5, 2012 (5 pages).

FOREIGN PATENT DOCUMENTS

JP 9-207604 A 8/1997

Extended European Search Report in counterpart European Appli-
cation No. EP09802584.4 issued Feb. 19, 2014 (7 pages).

* cited by examiner



U.S. Patent Oct. 11, 2016 Sheet 1 of 10 US 9,464,578 B2

FIG. 1

7b Ta

11 12

CONTROL UNIT —~10




U.S. Patent

Oct. 11, 2016 Sheet 2 of 10

ACCELERATOR-PEDAL
REACTION FORCE

FIG. 3

PRELOAD
AREA

ACCELERATOR OPENING DEGREE (APS)

US 9,464,578 B2



U.S. Patent Oct. 11, 2016 Sheet 3 of 10 US 9,464,578 B2

FIG. 4A

L/U<e—+—» NONL/U

1
i
{
!
|

ACCELERATOR-PEDAL
REACTION FORCE

T

i
|
}
i
|
1

0 APS1 MAX
ACCELERATOR OPENING DEGREE (APS)

APS
A A

APS1

> \/SP

VSP1



U.S. Patent

ACCELERATOR-PEDAL
REACTION FORCE

Oct. 11,

2016 Sheet 4 of 10 US 9,464,578 B2

FIG. 5A

0

APS2 MAX

ACCELERATOR OPENING DEGREE (APS)

FIG. 5B

APS
A

APS2

—Ne

Ne?2



U.S. Patent Oct. 11, 2016 Sheet 5 of 10 US 9,464,578 B2

FIG. 6A

i |
By i
. E
xQ [ L
O -
== -4
éQ i
{13 | |
u.lﬁ ! i
Qe . {
2 ' |

' I

z |

0 APS3 MAX

ACCELERATOR OPENING DEGREE (APS)

» Ne



U.S. Patent Oct. 11, 2016 Sheet 6 of 10 US 9,464,578 B2

FIG. 7A

ACCELERATOR-PEDAL
REACTION FORCE

!
|
1
|
I
]

0 APS4 MAX
ACCELERATOR OPENING DEGREE (APS)

FIG. 7B

L10 __1| _l| ¢

ACCELERATOR OPENING
DEGREE (APS)
>
&
o+

VSP4
VEHICLE SPEED (VSP)



US 9,464,578 B2

Sheet 7 of 10

Oct. 11, 2016

U.S. Patent

JNIL -

(1SdVV) QTOHSTHHL 3LVH-39NVHO IQM/

@3SS3ud3a ADIOIND

334930 ONIN3dO
HOLVY31300V

e

dOuV1

3SSFUAAA ATMOTS )VV\_ﬂ
llllllllllllllllllll I
[

"

“

8 Old

30404 NOLLOVIY
VA3d-40LVy3 1300V NI
JSVIHONI 40 INNOWY

ERL LA



U.S. Patent Oct. 11, 2016 Sheet 8 of 10 US 9,464,578 B2

FIG. 9

.
-
@
m

PRELOAD FA_~4
AREA Fo 3~

ACCELERATOR-PEDAL
REACTION FORCE

{
1
|
t
1
|
{
|
}
i
0 APSP | APSA > LARGE
APSM

ACCELERATOR OPENING DEGREE (APS)

I
|
1
|
|
I
|
i
|
|

FIG. 10
LARGE P

ACCELERATOR-PEDAL
REACTION FORCE

» LARGE

0 APSP_ APSC APSD

ACCELERATOR OPENING DEGREE (APS)



U.S. Patent Oct. 11, 2016 Sheet 9 of 10 US 9,464,578 B2

FIG. 11

LARGE i
A — |

PRELOAD
AREA

ACCELERATOR-PEDAL
REACTION FORCE

—» | ARGE

0 APSP
ACCELERATOR OPENING DEGREE (APS)



U.S. Patent Oct. 11, 2016

START

ACCELERATOR-
PEDAL REACTION
FORCE IS EQUAL TO
BASIC REACTION
FORCE?

Sheet 10 of 10

FIG. 12

S1

READ VEHICLE SPEED AND
ENGINE ROTATIONAL SPEED

582

Y

SET ASP1, ASP2, ASP3,
ASP4, AND AAPST

53

s4
NO  §5

NO

APS>APS3?

S7

APS>APS4?

AAPS>AAPST?

PEDAL IS OPERATED FROM

S9

ACCELERATOR

NON-DEPRESSED
STATE?

US 9,464,578 B2

NO

ves S10 S11
/\./  j /\/

INCREASE REACTION INCREASE REACTION

FORCE BY Fa (OR Fg) FORCE BY Fg (OR Ff)

!

J




US 9,464,578 B2

1
ACCELERATOR-PEDAL REACTION FORCE
CONTROL APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority from Japanese
Patent Application No. 2008-197387, filed Jul. 31, 2008 and
Japanese Patent Application No. 2009-123002, filed May
21, 2009. The contents of both priority applications are
hereby incorporated by reference in their entirety.

BACKGROUND OF THE DISCLOSURE

1. Field of the Disclosure

The present disclosure relates to an accelerator-pedal
reaction force control apparatus which controls a reaction
force of an accelerator pedal.

2. Description of the Related Art

Japanese Unexamined Patent Application Publication No.
2007-76468 (hereinafter referred to as Patent Document 1)
discloses a technique for allowing a driver to recognize an
optimum amount of operation of an accelerator pedal by
increasing an operation reaction force (hereinafter simply
referred to as a reaction force) of the accelerator pedal
stepwise at the optimum amount of operation of the accel-
erator pedal, that is, an optimum accelerator opening degree,
at which an optimum specific fuel consumption can be
obtained.

Patent Document 1 also discloses an operation of reduc-
ing the amount of increase in the reaction force to allow the
acceleration of the vehicle if the operating speed of the
accelerator pedal is high.

According to the technique described in Patent Document
1, the reaction force of the accelerator pedal is increased at
a certain accelerator opening degree to avoid an increase in
the specific fuel consumption. However, the accelerator
pedal is a main operating member operated by the driver to
drive the vehicle in a way that the driver desires, and the
operational feel of the accelerator pedal experienced by the
driver is extremely delicate. For this reason, this type of
reaction-force control apparatus, which contributes to the
reduction in fuel consumption, cannot be put into practical
use unless the function for reducing the fuel consumption
can be achieved together with satisfactory operational feel of
the accelerator pedal.

Various tests have been performed for putting the reac-
tion-force control apparatus which contributes to the reduc-
tion in fuel consumption into practical use. As a result of
these tests, it was found that when the reaction force is
increased at a certain accelerator opening degree to cause the
driver to recognize the increase in the specific fuel con-
sumption, as in Patent Document 1, the amount of increase
in the reaction force (amount of increase from a basic
reaction force) must be set in consideration of various
factors, and there is room for improvement in the method for
setting the amount of increase.

Generally, the accelerator pedal has a basic reaction force
which corresponds to the accelerator opening degree. When
the reaction force is increased at a certain accelerator open-
ing degree, the sum of the basic reaction force and the
amount of increase in the reaction force is applied to the foot
of the driver. However, even if the amount of increase in the
reaction force is constant, the driver feels the increase in the
reaction force differently in accordance with the state in
which the accelerator pedal has been depressed before the
increase in the reaction force, for example, in accordance
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with the basic reaction force and the manner in which the
basic reaction force has been changed before the increase in
the reaction force. For example, it is generally more difficult
for the driver to recognize the change in force required to
depress the accelerator pedal when the reaction force is
increased by the same amount at the same accelerator
opening degree in the case in which the accelerator opening
degree is increased from an intermediate accelerator opening
degree as well as the case in which the accelerator opening
degree is increased from 0 degrees, such as in the case where
the vehicle is started running from a stopped state. There-
fore, there is a risk that the optimum amount of operation
cannot be recognized by the driver.

SUMMARY OF THE CLAIMED SUBJECT
MATTER

In one aspect, the present disclosure relates to an accel-
erator control apparatus of a vehicle including a means for
detecting a position of an accelerator, a means for adjusting
a reaction force of the accelerator, the accelerator configured
to receive a basic reaction force which increases as an
accelerator opening degree increases, and wherein the
means for adjusting increases the reaction force of the
accelerator by an increase amount in addition to the basic
reaction force when the position of the accelerator is
increased to satisty a predetermined condition associated
with a specific fuel consumption of the vehicle, wherein the
means for adjusting sets the increase amount to a first
amount when the position of the accelerator is increased
from a first accelerator position in a preload area to a second
accelerator position that satisfies the predetermined condi-
tion, wherein the means for adjusting sets the increase
amount to a second amount when the position of the
accelerator is increased from an intermediate accelerator
position that exceeds the preload area to the second position,
and wherein the first amount is greater than the second
amount.

In another aspect, the present disclosure relates to an
accelerator control apparatus including a vehicle accelerator
receiving a basic reaction force increasing as a position of
the vehicle accelerator increases, a means for detecting the
position of the accelerator, a means for adjusting a reaction
force of the accelerator, and wherein the means for adjusting
increases the reaction force of the accelerator from the basic
reaction force when the position of the accelerator is
increased to satisfy a predetermined condition that is asso-
ciated with a specific fuel consumption of the vehicle,
wherein the basic reaction force increases from a first
position of the accelerator to a second position of the
accelerator at a second rate of force increase when the
position of the accelerator is increased, wherein the basic
reaction force increases at a first rate of force increase which
is larger than the second rate of force increase in accordance
with an increase in the position of the accelerator from a zero
position to the first position, and wherein the means for
adjusting increases the reaction force by a second amount
from the basic reaction force when the position of the
accelerator is increased from an intermediate accelerator
position that is larger than the first position to a position that
satisfies the predetermined condition, and by a first amount
when the position of the accelerator is increased from the
position that is equal to the zero position or less than the first
position to the position that satisfies the predetermined
condition, the first amount being larger than the second
amount.



US 9,464,578 B2

3

In another aspect, embodiments disclosed herein relate to
a method to control an accelerator of a vehicle including
detecting a position of an accelerator, adjusting a reaction
force of the accelerator, applying a basic reaction force to the
accelerator which increases as an accelerator opening degree
increases, and increasing the reaction force of the accelerator
by an increase amount in addition to the basic reaction force
when the position of the accelerator is increased to satisty a
predetermined condition associated with a specific fuel
consumption of the vehicle, setting the increase amount to a
first amount when the position of the accelerator is increased
from a first accelerator position to a second accelerator
position that satisfies the predetermined condition, setting
the increase amount to a second amount when the position
of the accelerator position is increased from an intermediate
accelerator position to the second position, wherein the
accelerator opening degree of the intermediate accelerator
position is larger than the accelerator opening degree of the
first accelerator position, wherein the first amount is greater
than the second amount.

In another aspect, embodiments disclosed herein relate to
an accelerator control apparatus of a vehicle including a
detector to detect a position of an accelerator, a controller to
adjust a reaction force of the accelerator, wherein, the
accelerator is configured to receive a basic reaction force
which increases as an accelerator opening degree increases,
wherein the controller is configured to increase the reaction
force of the accelerator by an increase amount in addition to
the basic reaction force when the position of the accelerator
is increased to satisfy a predetermined condition associated
with a specific fuel consumption of the vehicle, wherein the
controller is configured to set the increase amount to a first
amount when the position of the accelerator is increased
from a first accelerator position to a second accelerator
position that satisfies the predetermined condition, wherein
the controller is configured to set the increase amount to a
second amount when the position of the accelerator is
increased from an intermediate accelerator position to the
second position, wherein the accelerator opening degree of
the intermediate accelerator position is larger than the accel-
erator opening degree of the first accelerator position, and
wherein the first amount is greater than the second amount.

In another aspect, embodiments disclosed herein relate to
an accelerator control apparatus including a vehicle accel-
erator receiving a basic reaction force increasing as a depres-
sion of the vehicle accelerator increases, a detector to detect
the position of the accelerator, a controller to adjust a
reaction force of the accelerator, wherein the controller is
configured to increase the reaction force of the accelerator
from the basic reaction force when the position of the
accelerator is depressed to satisty a predetermined condition
that is associated with a specific fuel consumption of the
vehicle, wherein the basic reaction force increases at a first
rate of force increase in accordance with an increase of the
depression of the accelerator when the position of the
accelerator is depressed from a zero position to a first
position, wherein the basic reaction force increases at a
second rate of force increase in accordance with the increase
of the depression of the accelerator when the position of the
accelerator is depressed from the first position of the accel-
erator to a second position of the accelerator, and wherein
the controller is configured to increase the reaction force by
a first amount from the basic reaction force when the
position of the accelerator is depressed from the zero posi-
tion or between the zero position and the first position to a
position that satisfied the predetermined condition, and by a
second amount from the basic reaction force when the
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position of the accelerator is depressed from an intermediate
accelerator position that is larger than the first position to the
position that satisfies the predetermined condition, the first
amount being larger than the second amount.

BRIEF DESCRIPTION OF DRAWINGS

Features of the present disclosure will become more
apparent from the following description in conjunction with
the accompanying drawings.

FIG. 1 is a schematic diagram illustrating the system
structure of an accelerator-pedal reaction force control appa-
ratus in accordance with embodiments of the present dis-
closure together with a reaction-force changing mechanism;

FIG. 2 is a schematic diagram illustrating an example of
a reaction-force changing mechanism according to embodi-
ments the present disclosure;

FIG. 3 is a characteristic diagram showing the character-
istic of the basic reaction force of the accelerator pedal
according to embodiments the present disclosure;

FIGS. 4A and 4B illustrate a first exemplary comparative
example of an accelerator-pedal reaction force control appa-
ratus based on a lock-up clutch, wherein FIG. 4A is a
characteristic diagram showing the accelerator-pedal reac-
tion force versus the accelerator opening degree and FIG. 4B
is a characteristic diagram showing a lock-up area;

FIGS. 5A and 5B illustrate a second exemplary compara-
tive example of an accelerator-pedal reaction force control
apparatus based on a fuel-increasing area, wherein FIG. SA
is a characteristic diagram showing the accelerator-pedal
reaction force versus the accelerator opening degree and
FIG. 5B is a characteristic diagram showing the fuel-
increasing area;

FIGS. 6 A and 6B illustrate a third exemplary comparative
example of an accelerator-pedal reaction force control appa-
ratus based on a fuel characteristic of an engine, wherein
FIG. 6A is a characteristic diagram showing the accelerator-
pedal reaction force versus the accelerator opening degree
and FIG. 6B is a characteristic diagram showing equivalent
fuel efficiency curves;

FIGS. 7A and 7B illustrate a fourth exemplary compara-
tive example of an accelerator-pedal reaction force control
apparatus based on a down-shifting operation of an auto-
matic transmission, wherein FIG. 7A is a characteristic
diagram showing the accelerator-pedal reaction force versus
the accelerator opening degree and FIG. 7B is a graph
showing speed-changing operations of the automatic trans-
mission;

FIG. 8 is a timing chart showing the variation in the
change rate of the accelerator opening degree and the
accelerator-pedal reaction force;

FIG. 9 is a characteristic diagram showing a first exem-
plary characteristic of the accelerator-pedal reaction force
according to an exemplary embodiment;

FIG. 10 is a characteristic diagram showing a second
exemplary characteristic of the accelerator-pedal reaction
force according to an exemplary embodiment;

FIG. 11 is a characteristic diagram showing a third
exemplary characteristic of the accelerator-pedal reaction
force according to an exemplary embodiment; and

FIG. 12 is a flowchart of a control process performed by
the accelerator-pedal reaction force control apparatus
according to embodiments of the present disclosure.

DETAILED DESCRIPTION

Exemplary embodiments of the present disclosure will be
described in detail below with reference to the drawings.
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FIG. 1 is a schematic diagram illustrating the system
structure of an accelerator-pedal reaction force control appa-
ratus 100. An accelerator-pedal reaction force control appa-
ratus 100 may control a reaction force (operational reaction
force) of an accelerator pedal 2 provided in a vehicle body
1 of a vehicle (not shown). While the term “accelerator
pedal” or “accelerator” is used throughout this specification,
it should be understood that such terms should not be limited
to any particular embodiment or style of input device. In
particular, while a “pedal” inside the passenger compartment
is described, it should be understood that the “accelerator”
may be a device in the engine compartment responsive to
electrical, hydraulic, or mechanical signals produced by a
pedal (or other device) in the passenger compartment. Addi-
tionally, while the device in the passenger compartment is
described as a pedal, it should be understood that various
other regulating devices (e.g., levers, switches, buttons, etc)
may be used as “accelerators” or as devices that signal an
“accelerator.” As described below, the accelerator-pedal
reaction force control apparatus 100 may include means for
detecting an amount of depression (accelerator opening
degree) of the accelerator pedal 2 provided in the vehicle,
and means for changing the reaction force of the accelerator
pedal 2 from a basic reaction force. In the present exemplary
embodiment, if the opening degree of the accelerator pedal
2 exceeds a predetermined accelerator-opening-degree
threshold, the reaction force of the accelerator pedal 2 may
be increased from the basic reaction force.

FIG. 2 is a diagram illustrating an example of a reaction-
force changing mechanism 101. As shown in FIGS. 1 and 2,
the accelerator pedal 2 may be provided on a rotating shaft
3 such that the accelerator pedal 2 may pivot about the
rotating shaft 3. The accelerator pedal 2 may receive a
reaction force in a closing direction thereof from a return
spring 4 which may be fixed to the vehicle body 1 at one end
thereof and to the rotating shaft 3 at the other end thereof.
Various types of springs may be used as the return spring 4.
The rotating shaft 3 may be rotatably supported by a bearing
5 provided on the vehicle body 1 at one end thereof. An
accelerator stroke sensor 6, which may serve as the accel-
erator-opening-degree detecting means and outputs an accel-
erator-opening-degree signal APS, may be provided near to
the other end of the rotating shaft 3. In addition, an engine
rotational speed sensor 11, which may detect an engine
rotational speed Ne, and a vehicle speed sensor 12, which
may detect a vehicle speed VSP, may be provided.

In the present exemplary embodiment, an amount of
depression of the accelerator pedal 2 (accelerator opening
degree APS) and an opening degree of a throttle valve (not
shown) of an engine (not shown) may be associated with
each other so that the throttle valve opening of the engine
increases in accordance with the amount of depression of the
accelerator pedal 2. Thus, the amount of fuel injection
(specific fuel consumption) increases in accordance with the
accelerator opening degree.

A reaction-force changing mechanism 101 may include a
variable friction plate 7 which may further include a pair of
friction members 7a and 75 which face each other and which
apply a frictional force against the rotation of the rotating
shaft 3. One friction member 7a may be mechanically fixed
to an end portion of the rotating shaft 3, and the other friction
member 75 may be supported by a fixed shaft 8 with a spline
or the like provided therebetween so that the friction mem-
ber 76 may be movable in an axial direction but is not
rotatable. The fixed shaft 8 may be fixed to and supported by
the vehicle body 1. An actuator (for example, an electro-
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6

magnetic solenoid) 9 which is capable of urging the friction
member 7b against the friction member 7a may be fixed to
the vehicle body 1.

In the variable friction plate 7, the actuator 9 may operate
to move the friction member 75 in the axial direction
(direction shown by the arrow Al in FIG. 1), and thereby
change the frictional force applied between the friction
member 7a and the friction member 7. The operation of the
actuator 9 may be controlled by a control unit 10. Therefore,
the control unit 10 may be capable of controlling the
operation of the actuator 9 so as to change the reaction force
of the accelerator pedal 2 against the depression thereof by
changing the frictional force applied to the rotating shaft 3.

FIG. 3 schematically shows the characteristic of the
accelerator-pedal reaction force according to the present
exemplary embodiment. The basic reaction force substan-
tially changes in proportion to the accelerator opening
degree with a suitable hysteresis depending on whether the
accelerator pedal is operated in an opening-degree-increas-
ing direction or in an opening-degree-reducing direction. In
addition, an initial area (preload area) in which the basic
reaction force is rapidly increased may be provided in an
area in which the accelerator opening degree APS is small.

More specifically, as shown in FIG. 3, when the accel-
erator opening degree is increased, the basic reaction force
increases in proportion to the accelerator opening degree
APS in a range from a minimum opening degree (accelerator
opening degree APSP) to a maximum opening degree (ac-
celerator opening degree MAX). In an initial area of the
accelerator opening degree APS from O degrees to the
minimum opening degree (accelerator opening degree
APSP), the reaction force increases in proportion to the
accelerator opening degree APS at a relatively large rate of
increase. This area is called the preload area.

The control unit 10 may set an accelerator-opening-
degree threshold associated with the specific fuel consump-
tion on the basis of a driving state of the vehicle or the
engine.

As an example, a case in which the accelerator-opening-
degree threshold is set in accordance with the state of
engagement or disengagement of a lock-up clutch in auto-
matic transmission, including a torque converter, will be
described with reference to FIGS. 4A and 4B. As is well
known, the lock-up clutch is a mechanism for directly
connecting an input and an output of the torque converter to
each other. As shown in the characteristic diagram of FIG.
4B, the lock-up clutch is switched between an engaged state
and a disengaged state in accordance with the vehicle speed
VSP and the accelerator opening APS. The lock-up clutch is
disengaged in a non-lockup (NON L/U) area (shaded area in
FIG. 4B) in which the vehicle speed is low and the accel-
erator opening APS is large, and is engaged in a lockup
(L/U) area in which the vehicle speed is high and the
accelerator opening APS is small. In the state in which the
lock-up clutch is disengaged, the specific fuel consumption
is higher than that in the state in which the lock-up clutch is
engaged. Therefore, in the case where the accelerator-
opening-degree threshold is set in accordance with the state
of engagement or disengagement of the lock-up clutch, the
non lock-up area is considered to correspond to an operating
range with a high specific fuel consumption, and the lock-up
area is considered to correspond to an operating range with
a low specific fuel consumption. When the accelerator
opening degree APS is increased such that the state of the
lock-up clutch changes from the lock-up area to the non
lock-up area, the accelerator-pedal reaction force is
increased.
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FIG. 4A shows the characteristic of the accelerator-pedal
reaction force. The control unit 10 refers to the characteristic
diagram shown in FIG. 4B and determines whether the
lock-up clutch is in the disengaged state (NON L/U area) or
the engaged state (L/U area) on the basis of the vehicle speed
VSP and the accelerator opening degree APS. In the case
where the lock-up clutch is in the engaged state (/U area),
an accelerator opening threshold APS1 for increasing the
reaction force is set to the accelerator opening APS corre-
sponding to the vehicle speed VSP input from the vehicle
speed sensor on the boundary line L1 between the [/U area
and the NON L/U area shown in FIG. 4B. As shown in FIG.
4B, when, for example, the vehicle speed is VSP1, the
corresponding accelerator opening degree APS1 is set as the
accelerator-opening-degree threshold for increasing the
reaction force applied to the accelerator pedal 2.

When the accelerator opening degree APS detected by the
accelerator stroke sensor 6 is increased and exceeds the
accelerator-opening-degree threshold APS1, the control unit
10 may output a command signal to the actuator 9 and cause
the actuator 9 to increase the reaction force applied by the
variable friction plate 7 stepwise. Thus, an amount of
increase in the reaction force denoted by B in FIG. 4A is
added to the basic reaction force. This corresponds to the
switching point between the engaged state and the disen-
gaged state of the lock-up clutch, as described above. The
amount of increase B in the reaction force is continuously
added to the basic reaction force for the pedal-depressing
direction of the accelerator pedal within the range of accel-
erator opening degree up to the maximum accelerator open-
ing degree.

When the accelerator-pedal reaction force is increased
stepwise at the accelerator-opening-degree threshold APS1
which corresponds to disengaging of the lock-up clutch, the
driver may feel that the force required to depress the
accelerator pedal 2 has been increased. Therefore, excessive
depression of the accelerator pedal 2 by the driver may be
suppressed and the driver may be informed that the driving
state has been changed to a state in which the specific fuel
consumption is high (fuel efficiency is low). The accelerator
opening APS at which the state of the lock-up clutch changes
from the engaged state to the disengaged state may not be
constant, but may differ in accordance with the vehicle speed
VSP. Even though the accelerator opening APS at which the
state of the lock-up clutch changes to the disengaged state
varies, the reaction force of the accelerator pedal 2 may be
changed (the force required to depress the accelerator pedal
2 is increased) in accordance with the accelerator opening
degree APS that varies. Therefore, the driver may be accu-
rately informed that the operational area is changed from the
operational area with a relatively low specific fuel consump-
tion to the operational area with a relatively high specific
fuel consumption.

The increase in the reaction force of the accelerator pedal
2 for the accelerator-opening-degree increasing direction
may be immediately eliminated when, for example, the
operating direction of the accelerator pedal 2 is changed to
an accelerator-opening-degree reducing direction, or when
the accelerator opening degree APS is reduced and becomes
equal to or less than the above-described predetermined
accelerator-opening-degree threshold APS1.

FIGS. 5A and 5B show a case in which the accelerator-
opening-degree threshold is set in accordance with a fuel-
increasing area at a high-load side of the engine.

FIG. 5A shows the characteristic of the reaction force of
the accelerator pedal 2 with respect to the accelerator
opening degree APS. FIG. 5B shows the fuel-increasing area

40

45

55

8

(shaded area C) which is determined on the basis of the
accelerator opening APS and the engine rotational speed Ne.
The fuel-increasing area C may be generated due to switch-
ing of the setting of the air-fuel ratio or switching of the
combustion method (for example, switching between strati-
fied combustion and homogeneous combustion). As shown
in FIG. 5B, the fuel-increasing area C is at an area where the
accelerator opening degree APS is large and the engine
rotational speed Ne is high. Therefore, an accelerator open-
ing degree corresponding to the current engine rotational
speed Ne (for example, Ne2) on the boundary line .2 shown
in FIG. 5B is set as an accelerator-opening-degree threshold
APS2. When the accelerator opening degree APS exceeds
the accelerator-opening-degree threshold APS2, an amount
of increase D in the reaction force is added to the basic
reaction force for the pedal-depressing direction.

The accelerator-pedal reaction force may be controlled as
shown in FIG. 5A. Accordingly, the force required to
depress the accelerator pedal 2 may be increased when the
operational state of the engine enters the fuel-increasing
area. Therefore, the driver may be accurately informed that
the operational state of the engine has been changed from the
operational area with a relatively low specific fuel consump-
tion to the operational area with a relatively high specific
fuel consumption. Therefore, unintentional depression of the
accelerator pedal 2 by the driver in the operational area with
a high specific fuel consumption may be suppressed and the
fuel efficiency may be increased.

FIGS. 6A and 6B show a case in which the accelerator-
opening-degree threshold is set in accordance with the
characteristic of fuel efficiency of the engine.

FIG. 6A shows the characteristic of the reaction force of
the accelerator pedal 2 with respect to the accelerator
opening degree APS. FIG. 6B shows equivalent fuel effi-
ciency curves L3 to L6, on which the specific fuel consump-
tion is constant, with respect to the accelerator opening APS
and the engine rotational speed Ne. As is clear from the
equivalent fuel efficiency curves L3 to L6, in this example,
the fuel efficiency is at a maximum in a middle-speed,
middle-load area. The shaded area F is considered to be a
high-fuel-efficiency area, and a boundary line of the shaded
area F on the high-load side, that is, on the side at which the
accelerator opening degree is large, is set as a boundary line
between the high-fuel-efficiency area and a low-fuel-effi-
ciency area. Therefore, an accelerator opening degree cor-
responding to the current engine rotational speed Ne (for
example, Ne3) on the boundary line is set as an accelerator-
opening-degree threshold APS3.

As shown in FIG. 6A, when the accelerator opening
degree APS exceeds the accelerator-opening-degree thresh-
old APS3, an amount of increase E in the reaction force is
added to the basic reaction force for the pedal-depressing
direction.

Since the accelerator-pedal reaction force may be con-
trolled as described above, the force required to depress the
accelerator pedal 2 may be increased when the operational
state of the engine is out of the high-fuel-efficiency area F.
Therefore, the driver may be accurately informed that the
operational state of the engine has been changed from the
operational area with a relatively low specific fuel consump-
tion to the operational area with a relatively high specific
fuel consumption. Therefore, unintentional depression of the
accelerator pedal 2 by the driver in the operational area with
a high specific fuel consumption may be suppressed and the
fuel efficiency may be increased.
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FIGS. 7A and 7B show a case in which the accelerator-
opening-degree threshold is set in accordance with down-
shifting (automatic shifting to a lower-speed range) of an
automatic transmission.

FIG. 7A shows the characteristic of the reaction force of
the accelerator pedal 2 with respect to the accelerator
opening degree APS. FIG. 7B is a graph illustrating the
speed-changing operation performed by, for example, a
five-speed automatic transmission. As shown in FIG. 7B, the
speed-changing control is performed on the basis of the
vehicle speed VSP and the accelerator opening APS. In
general, the specific fuel consumptions for high speeds is
lower than those for low speeds. Here, it is assumed that a
speed-changing line 1.7 for downshifting from the fifth
speed to the fourth speed functions as the boundary line
between the operational area with a relatively low specific
fuel consumption and the operational area with a relatively
high specific fuel consumption. Therefore, an accelerator
opening degree corresponding to the current vehicle speed
VSP (for example, VSP4) on the boundary line [.7 is set as
an accelerator-opening-degree threshold APS4. Here, the
accelerator-opening-degree threshold may also be set on the
basis of other speed-changing lines L8 to .10 for changing
between other speeds.

As shown in FIG. 7A, when the accelerator opening
degree APS exceeds the accelerator-opening-degree thresh-
old APS4, an amount of increase G in the reaction force may
be added to the basic reaction force for the pedal-depressing
direction.

Because the accelerator-pedal reaction force may be con-
trolled as described above, the force required to depress the
accelerator pedal 2 may be increased when the operation of
shifting to a low-speed range, at which the specific fuel
consumption is relatively high, is performed by the auto-
matic transmission.

In addition, as shown in FIG. 8, the reaction force may be
increased in accordance with a change rate AAPS of the
accelerator opening degree.

More specifically, when the vehicle is started from a
stopped state or accelerated, if the change rate AAPS of the
accelerator opening degree is larger than a predetermined
change rate threshold AAPST of the accelerator opening
degree, an amount of increase H in the reaction force may
be added to the basic reaction force for the pedal-depressing
direction, as shown by the solid line in FIG. 8. In addition,
when the vehicle is started from a stopped state or acceler-
ated, if the change rate AAPS of the accelerator opening
degree is equal to or less than the change rate threshold
AAPST, the amount of increase H in the reaction force may
not be added to the basic reaction force for the pedal-
depressing direction, as shown by the dashed line in FIG. 8.

The change rate threshold AAPST for the change rate
AAPS of the accelerator opening degree may be changed in
accordance with a vehicle speed at the time when the
operation of increasing the opening degree of the accelerator
pedal 2 is started by the driver, that is, in accordance with an
initial vehicle speed at the time when the accelerator pedal
2 is depressed from a completely closed state or a partially
opened state. More specifically, the change rate threshold
AAPST may be reduced as the vehicle speed decreases at the
time when the operation of increasing the accelerator open-
ing degree is started. The change rate threshold AAPST for
the change rate AAPS of the accelerator opening degree may
also be set in association with the specific fuel consumption.

As described above, when the accelerator pedal 2 is
depressed, the reaction force may be suddenly increased on
the basis of the accelerator opening degree APS or the
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change rate AAPS thereof. According to the present disclo-
sure, the amount of increase in the reaction force may be
changed in accordance with the time when the depression of
the accelerator pedal 2 is started.

FIG. 9 is a diagram illustrating the characteristics of the
accelerator-pedal reaction force. In FIG. 9, the solid line
shows the case in which the accelerator opening degree APS
is increased beyond an accelerator-opening-degree threshold
APSA from an intermediate opening degree (for example,
accelerator opening degree APSM shown in FIG. 9) that is
larger than the accelerator opening degree APSP which
corresponds to the boundary of the above-described preload
area. In addition, in FIG. 9, the dot-dash line shows the case
in which the accelerator opening degree APS is increased
beyond the accelerator-opening-degree threshold APSA
from O degrees. The accelerator-opening-degree threshold
APSA may correspond to any one of the above-described
accelerator-opening-degree thresholds APS1 to APS4,
which corresponds to the timings at which the operational
state changes from the state with a relatively low specific
fuel consumption to the state with a relatively high specific
fuel consumption.

As shown in FIG. 9, an amount of increase FA added to
the basic reaction force in the case where the accelerator
opening degree APS is increased from O degrees and
exceeds the accelerator-opening-degree threshold APSA is
set to be larger than an amount of increase FB added to the
basic reaction force in the case where the accelerator open-
ing degree APS is increased from an intermediate opening
degree (the intermediate opening degree is the degree that is
smaller than fully open and greater than 0 degrees (i.e., in the
fully-closed position)) and exceeds the accelerator-opening-
degree threshold APSA.

Due to the preload area, in the case where the accelerator
opening degree APS is increased from 0 degrees, the
increase in the reaction force of the accelerator pedal 2
against the operation thereof felt by the driver is larger than
that in the case where the accelerator opening degree APS is
increased from an intermediate opening degree. The accel-
erator opening degree APS is increased from 0 degrees in the
case where, for example, the vehicle is started from a
stopped state. In such a case, because the driver starts
depressing the accelerator pedal 2 while the vehicle speed is
substantially 0, the driver tends to depress the accelerator
pedal 2 by an excessively large amount to start the vehicle
from a stopped state.

In such a situation, the driver may not recognize that the
force required to depress the accelerator pedal 2 has been
increased unless the reaction force of the accelerator pedal
2 is increased by a relatively large rate with respect to the
basic reaction force of the accelerator pedal 2 for the
pedal-depressing direction.

Therefore, the amount of increase in the reaction force
added to the basic reaction force for the pedal-depressing
direction in the case where the accelerator opening degree
APS is increased from 0 degrees is set to a larger value than
that in the case where the accelerator opening degree APS is
increased from an intermediate opening degree. Thus, the
driver may be accurately informed that the fuel efficiency
may be reduced if the accelerator pedal 2 is excessively
depressed.

In the present exemplary embodiment, if the accelerator
opening degree APS is not increased from 0 degrees but is
increased from a small accelerator-opening-degree area (that
is, within the preload area) in which the accelerator opening
degree APS is less than the accelerator opening degree APSP
at the boundary of the preload area, the amount of increase
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may be set to either of the above-described two amounts of
increase FA and FB. Alternatively, the amount of increase
may also be set to a value between the above-described two
amounts of increase FA and FB. However, because there is
the influence of the increase in the basic reaction force in the
preload area, the larger amount of increase FA is preferably
added as in the case where the accelerator opening degree
APS is increased from O degrees.

The amount of increase in the reaction force added to the
basic reaction force for the pedal-depressing direction of the
accelerator pedal may be set to a constant value irrespective
of the accelerator-opening-degree threshold APSA. How-
ever, as shown in FIG. 10, the amount of increase in the
reaction force added to the basic reaction force for the
pedal-depressing direction may also be increased in propor-
tion to the accelerator-opening-degree threshold, which may
be determined in accordance with, for example, the state of
engagement or disengagement of the lock-up clutch. More
specifically, the amount of increase FD for the accelerator-
opening-degree threshold APSD may be set to a larger value
than the amount of increase FC for the accelerator-opening-
degree threshold APSC. In the case where the amount of
increase in the reaction force from the basic reaction force
for the pedal-depressing direction is increased in the above-
described manner, the driver may be accurately informed
regarding the change in the driving characteristic and the
reduction in the fuel efficiency.

In the example shown in FIG. 8, the increase in the
reaction force is performed on the basis of the change rate
AAPS of the accelerator opening degree. As shown in FIG.
11, also in this case, the amount of increase in the reaction
force added in the case where the accelerator opening degree
APS is increased from 0 degrees is set to a larger value than
that in the case where the accelerator opening degree APS is
increased from an intermediate opening degree.

More specifically, in the case where the accelerator open-
ing degree APS is increased from an intermediate opening
degree and the change rate AAPS of the accelerator opening
degree exceeds the change rate threshold AAPST for the
change rate AAPS of the accelerator opening degree (solid
line in FIG. 11), the reaction force is increased by an amount
FF. In the case where the accelerator opening degree APS is
increased from 0 degrees and the change rate AAPS of the
accelerator opening degree exceeds the change rate thresh-
old AAPST (dot-dash line in FIG. 11), the reaction force is
increased by an amount FE. Here, the amount of increase FE
is set to a larger value than the amount of increase FF. Also
in this case, the driver may be accurately informed that the
fuel efficiency may be reduced if the accelerator pedal 2 is
excessively depressed.

FIG. 12 is a flowchart of a control process performed by
the accelerator-pedal reaction force control apparatus
according to the present disclosure. The routine shown in
this flowchart is executed to determine the amount of
increase in the reaction force, and is executed under the
condition that the accelerator opening degree APS is being
changed in the increasing direction.

In step S1, it is determined whether or not the reaction
force of the accelerator pedal 2 is already increased from the
basic reaction force for the pedal-depressing direction. If the
reaction force is already increased from the basic reaction
force, the routine is ended.

In S2, the vehicle speed and the engine rotational speed
are determined.

In S3, the accelerator-opening-degree thresholds and the
change rate threshold (APS1 to APS4 and AAPST) are set in
accordance with the current operational state.
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In S4, it is determined whether or not the current accel-
erator opening degree APS exceeds the first determination
threshold APS1. If the result of the determination is YES, the
process proceeds to S9. If the result of the determination is
NO, the process proceeds to S5.

In S5, it is determined whether or not the current accel-
erator opening degree APS exceeds the first determination
threshold APS2. If the result of the determination is YES, the
process proceeds to S9. If the result of the determination is
NO, the process proceeds to S6.

In S6, it is determined whether or not the current accel-
erator opening degree APS exceeds the first determination
threshold APS3. If the result of the determination is YES, the
process proceeds to S9. If the result of the determination is
NO, the process proceeds to S7.

In S7, it is determined whether or not the current accel-
erator opening degree APS exceeds the first determination
threshold APS4. If the result of the determination is YES, the
process proceeds to S9. If the result of the determination is
NO, the process proceeds to S8.

In S8, it is determined whether or not the current change
rate AAPS of the accelerator opening degree exceeds the
change rate threshold AAPST of the accelerator opening
degree. If the result of the determination is YES, the process
proceeds to S9. If the result of the determination is NO, the
routine is ended.

In S9, it is determined whether the accelerator opening
degree APS has been increased from 0 degrees or from an
intermediate accelerator opening degree. In other words, in
S9, it is determined whether or not the accelerator opening
degree APS has been continuously increased from 0 degrees.
If the result of the determination is YES, the process
proceeds to S10. If the result of the determination is NO, the
process proceeds to S11. For example, if the accelerator
opening degree APS is reduced even for a short time in the
process of increasing the accelerator opening degree APS or
if the accelerator opening degree APS is maintained at an
intermediate opening degree other than O for a certain time
and is then increased, the process proceeds to S11.

In S10, the reaction force of the accelerator pedal 2 is
increased by the amount FA (or FE) from the basic reaction
force for the pedal-depressing direction.

In S11, the reaction force of the accelerator pedal 2 is
increased by the amount FB (or FF) from the basic reaction
force for the pedal-depressing direction. As described above,
the amount of increase FA (or FE) provided in S10 is larger
than the amount of increase FB (or FF) provided in S11.

In the above-described exemplary embodiment, the reac-
tion force of the accelerator pedal 2 is increased from the
basic reaction force when the accelerator opening degree
APS or the change rate AAPS of the accelerator opening
degree APS exceeds the corresponding thresholds (APS1 to
APS4, AAPST). However, the reaction force of the accel-
erator pedal 2 may also be increased from the basic reaction
force when both of the accelerator opening degree APS and
the change rate AAPS of the accelerator opening degree APS
exceed the corresponding thresholds (APS1 to APS4,
AAPST).

In addition, in the above-described exemplary embodi-
ment, the reaction force of the accelerator pedal 2 is
increased at the time when the operation changes from the
range with a relatively low specific fuel consumption to the
range with a relatively high specific fuel consumption.
However, the reaction force may also be increased imme-
diately before the operation actually enters the range with a
relatively high specific fuel consumption (that is, while the
accelerator opening degree APS is slightly smaller than that
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at the boundary corresponding to the switching point). In
such a case, the driver may be informed of the prediction that
the fuel efficiency will be reduced in advance. Accordingly,
the driver may be informed that the fuel efficiency is
expected to be reduced, and may intentionally avoid the
situation that the operation enters the range with a high
specific fuel consumption. Therefore, the fuel efficiency may
be further improved.

Advantageously, accelerator-pedal reaction force control
apparatus in accordance with embodiments disclosed herein
may include an accelerator pedal of a vehicle, the accelerator
pedal receiving a basic reaction force which may increase as
an accelerator opening degree increases; an accelerator-
opening-degree detecting unit for detecting the accelerator
opening degree which changes when the accelerator pedal is
operated; a reaction-force changing unit for changing the
reaction force of the accelerator pedal; and a controller
which controls the reaction-force changing unit.

Advantageously, the controller may increase the reaction
force of the accelerator pedal from the basic reaction force
when the accelerator opening degree is increased to satisfy
a predetermined condition that is associated with a specific
fuel consumption of the vehicle. The controller may set an
amount of increase from the basic reaction force for when
the accelerator opening degree is increased from O degrees
to satisty the predetermined condition to be larger than an
amount of increase from the basic reaction force for when
the accelerator opening degree is increased from an inter-
mediate accelerator opening degree to satisty the predeter-
mined condition.

Advantageously, the driver may easily recognize that the
force required to depress the accelerator pedal has been
increased if the reaction force is increased by a predeter-
mined percentage or more or by a predetermined amount or
more with respect to the basic reaction force for the depress-
ing direction of the accelerator pedal. Therefore, in the
process of increasing the reaction force of the accelerator
pedal from the basic reaction force when the accelerator
opening degree is increased to satisfy the predetermined
condition associated with the specific fuel consumption, the
amount of increase may be set as follows. That is, the
amount of increase from the basic reaction force for when
the accelerator opening degree may be increased from 0
degrees to satisty the predetermined condition may be set to
be larger than the amount of increase from the basic reaction
force for when the accelerator opening degree is increased
from an intermediate accelerator opening degree to satisfy
the predetermined condition. Thus, the information that the
fuel efficiency is being reduced due to the excessive depres-
sion of the accelerator pedal may be reliably presented to the
driver.

While the disclosure has been presented with respect to a
limited number of embodiments, those skilled in the art,
having benefit of this disclosure, will appreciate that other
embodiments may be devised which do not depart from the
scope of the present disclosure. Accordingly, the scope of the
invention should be limited only by the attached claims.

What is claimed is:

1. An accelerator control apparatus of a vehicle, compris-
ing:

a means for detecting a position of an accelerator;

a means for adjusting a reaction force of the accelerator;

the accelerator configured to receive a basic reaction force

which increases as an accelerator opening degree
increases; and

wherein the means for adjusting increases the reaction

force of the accelerator by an increase amount in
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addition to the basic reaction force when the position of
the accelerator is increased to satisfy a predetermined
condition associated with a specific fuel consumption
of the vehicle;
wherein the means for adjusting sets the increase amount
to a first amount when the position of the accelerator is
increased from a first accelerator position in a preload
area to a second accelerator position that satisfies the
predetermined condition;
wherein the means for adjusting sets the increase amount
to a second amount when the position of the accelerator
is increased from an intermediate accelerator position
that exceeds the preload area to the second position;

wherein the first amount is greater than the second
amount.

2. The accelerator control apparatus of claim 1, wherein
the position of the accelerator comprises an accelerator
opening degree.

3. The accelerator control apparatus of claim 1, wherein
a rate of the basic reaction force increase in accordance with
the increase of the accelerator opening degree when the
accelerator opening degree increases in the preload area is
larger than the rate of the basic reaction force increase when
the accelerator opening degree increases from the interme-
diate accelerator position.

4. The accelerator control apparatus of claim 1, wherein
the basic reaction force increases proportionally with the
position of the accelerator from a minimum position of the
intermediate accelerator position to a maximum position as
the position of the accelerator is increased.

5. The accelerator control apparatus of claim 1, wherein
the basic reaction force increases from a minimum position
of the intermediate accelerator position to a maximum
position at a second rate of increase in proportion with an
increase in the accelerator position, and wherein the basic
reaction force increases from O degrees to the minimum
position in accordance with an increase in the accelerator
position at a first rate of increase which is larger than the
second rate of increase.

6. The accelerator control apparatus of claim 1, wherein
the means for adjusting sets a predetermined accelerator-
position threshold in association with the specific fuel con-
sumption, and wherein the means for adjusting determines
that the predetermined condition is satisfied when the accel-
erator position is increased and exceeds the predetermined
accelerator-position threshold.

7. The accelerator control apparatus of claim 1, wherein
the means for adjusting sets a predetermined change rate
threshold for the accelerator position in association with the
specific fuel consumption, and wherein the means for adjust-
ing determines that the predetermined condition is satisfied
when a change rate of the accelerator position exceeds the
predetermined change rate threshold.

8. The accelerator control apparatus of claim 1, wherein
the first accelerator position comprises a zero position of the
accelerator.

9. The accelerator control apparatus of claim 1, wherein
the intermediate accelerator position is larger than a zero
position and is smaller than a fully opened position.

10. The accelerator control apparatus of claim 4, wherein
the first accelerator position is equal to or larger than 0
degrees of opening and is smaller than the minimum posi-
tion.

11. The accelerator control apparatus of claim 10, wherein
the intermediate accelerator position is larger than the mini-
mum position and is smaller than a fully opened position.
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12. The accelerator control apparatus of claim 1, wherein
the accelerator comprises an accelerator pedal.

13. An accelerator control apparatus comprising:

a vehicle accelerator receiving a basic reaction force
increasing as a position of the vehicle accelerator
increases;

a means for detecting the position of the accelerator;

a means for adjusting a reaction force of the accelerator;
and

wherein the means for adjusting increases the reaction
force of the accelerator from the basic reaction force
when the position of the accelerator is increased to
satisfy a predetermined condition that is associated
with a specific fuel consumption of the vehicle,

wherein the basic reaction force increases from a first
position of the accelerator to a second position of the
accelerator at a second rate of force increase when the
position of the accelerator is increased,

wherein the basic reaction force increases at a first rate of
force increase which is larger than the second rate of
force increase in accordance with an increase in the
position of the accelerator from a zero position to the
first position, and

wherein the means for adjusting increases the reaction
force by a second amount from the basic reaction force
when the position of the accelerator is increased from
an intermediate accelerator position that is larger than
the first position to a position that satisfies the prede-
termined condition, and by a first amount when the
position of the accelerator is increased from the posi-
tion that is equal to the zero position or less than the
first position to the position that satisfies the predeter-
mined condition, the first amount being larger than the
second amount.

14. The accelerator reaction force control apparatus
according to claim 13, wherein the accelerator position
comprises an accelerator opening degree.

15. The accelerator reaction force control apparatus
according to claim 13, wherein the means for adjusting sets
a predetermined accelerator-position threshold in associa-
tion with the specific fuel consumption, and wherein the
predetermined condition is satisfied when the position of the
accelerator is increased and exceeds the predetermined
accelerator-position threshold.

16. The accelerator reaction force control apparatus
according to claim 13, wherein the means for adjusting sets
a predetermined change rate threshold for the position of the
accelerator in association with the specific fuel consump-
tion, and wherein the predetermined condition is satisfied
when a change rate of the position of the accelerator exceeds
the predetermined change rate threshold.

17. The accelerator reaction force control apparatus
according to claim 13, wherein the accelerator comprises an
accelerator pedal.

18. A method to control an accelerator of a vehicle, the
method comprising:

detecting a position of an accelerator;

adjusting a reaction force of the accelerator;

applying a basic reaction force to the accelerator which
increases as an accelerator opening degree increases;
and

increasing the reaction force of the accelerator by an
increase amount in addition to the basic reaction force
when the position of the accelerator is increased to
satisfy a predetermined condition associated with a
specific fuel consumption of the vehicle;
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setting the increase amount to a first amount when the
position of the accelerator is increased from a first
accelerator position to a second accelerator position
that satisfies the predetermined condition;

setting the increase amount to a second amount when the
position of the accelerator position is increased from an
intermediate accelerator position to the second posi-
tion; and

wherein the accelerator opening degree of the intermedi-
ate accelerator position is larger than the accelerator
opening degree of the first accelerator position, wherein
the first amount is greater than the second amount.

19. An accelerator control apparatus of a vehicle, com-

prising:

a detector to detect a position of an accelerator; and

a controller to adjust a reaction force of the accelerator;

wherein, the accelerator is configured to receive a basic
reaction force which increases as an accelerator open-
ing degree increases,

wherein the controller is configured to increase the reac-
tion force of the accelerator by an increase amount in
addition to the basic reaction force when the position of
the accelerator is increased to satisfy a predetermined
condition associated with a specific fuel consumption
of the vehicle,

wherein the controller is configured to set the increase
amount to a first amount when the position of the
accelerator is increased from a first accelerator position
to a second accelerator position that satisfies the pre-
determined condition,

wherein the controller is configured to set the increase
amount to a second amount when the position of the
accelerator is increased from an intermediate accelera-
tor position to the second position,

wherein the accelerator opening degree of the intermedi-
ate accelerator position is larger than the accelerator
opening degree of the first accelerator position, and

wherein the first amount is greater than the second
amount.

20. An accelerator control apparatus comprising:

a vehicle accelerator receiving a basic reaction force
increasing as a depression of the vehicle accelerator
increases;

a detector to detect the position of the accelerator; and

a controller to adjust a reaction force of the accelerator,

wherein the controller is configured to increase the reac-
tion force of the accelerator from the basic reaction
force when the position of the accelerator is depressed
to satisfy a predetermined condition that is associated
with a specific fuel consumption of the vehicle,
wherein the basic reaction force increases at a first rate
of force increase in accordance with an increase of the
depression of the accelerator when the position of the
accelerator is depressed from a zero position to a first
position, wherein the basic reaction force increases at a
second rate of force increase in accordance with the
increase of the depression of the accelerator when the
position of the accelerator is depressed from the first
position of the accelerator to a second position of the
accelerator, wherein the first rate of force increase is
larger than the second rate of force increase, and

wherein the controller is configured to increase the reac-
tion force by a first amount from the basic reaction
force when the position of the accelerator is depressed
from the zero position or between the zero position and
the first position to a position that satisfies the prede-
termined condition, and by a second amount from the
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basic reaction force when the position of the accelerator
is depressed from an intermediate accelerator position
that is larger than the first position to the position that
satisfies the predetermined condition, wherein the first
amount being larger than the second amount. 5
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